Relevant histopathology
Primary ovarian neoplasms are differentiated by the cell origin, such as surface epithelium, germ cell, and stromal cells. Approximately 90% of primary ovarian cancers are epithelial tumors, arising from the surface epithelium. Based on the degree of differentiation, epithelial tumors are divided into three major categories: well differentiated (10%), moderately differentiated (25%), and poorly differentiated (65%). Less differentiated tumors are associated with worse prognosis. Epithelial neoplasms are separated into two major categories: invasive (80%) and noninvasive (borderline) tumors (20%), which are associated with different prognostic characteristics. Epithelial invasive tumors are subdivided further into five histopathologic groups: serous tumor (50%), mucinous neoplasm (20%), endometrioid carcinoma (20%), clear cell carcinoma (10%), and undifferentiated tumor (<5%). Another subtype of epithelial tumor is Brenner tumor, which is almost invariably benign.
The primary goal of radiologic assessment is differentiation of malignant tumors from benign tumors, rather than determination of histologic subtype. Sometimes it is possible, however, to suggest the histologic subtype of an epithelial neoplasm based on particular imaging features [2] .
For the most common epithelial neoplasms, serous cystadenocarcinomas are bilateral in more than 50% of cases, with peak age of presentation 70 to 75 years old. The typical imaging finding is a large-volume ascites out of proportion to the size of bilateral complex adnexal masses of irregular shape with polypoid excrescences on the surface. Widespread peritoneal carcinomatosis with omental infiltration by the tumor (so-called omental caking) is invariably present in cases of serous papillary carcinoma.
R A D I O L O G I C C L I N I C S O F N O R T H A M E R I C A
Radiol Clin N Am 45 (2007) [149] [150] [151] [152] [153] [154] [155] [156] [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] Department of Radiology, Cornell University Weill Medical College, Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, C278, New York, NY 10021, USA * Corresponding author. E-mail address: mironovs@mskcc.org (S. Mironov).
-Epidemiology -Relevant histopathology -Ovarian cancer screening -Lesion characterization -Staging -Posttreatment follow-up -Recurrent ovarian tumor resectability -Summary -References
Mucinous neoplasms are seen in older patients with a later peak age of 75 to 80 years. These tumors manifest as large, unilateral, multiseptated masses with a variable ratio of solid to cystic components. The presence of an enhancing solid component within a multicystic mass is a strong indicator of malignant etiology. A benign counterpart of mucinous cystadenocarcinoma, mucinous cystadenoma, typically has the appearance of a multiloculated cystic mass with thin septations (Fig. 1) . Different compartments or locules within the mass have different densities of mucin on CT and different signal intensities on MR imaging.
Endometrioid cancers are usually bilateral mixed solid and cystic masses, which can be associated with endometrial hyperplasia and even concomitant endometrial carcinoma. Clear cell tumor manifests at the younger age of 55 to 59 years and has the typical appearance of a solitary complex cystic mass with a vascular solid mural nodule. It is associated with endometriosis and occasionally may arise within endometriomas [3] . Finally, undifferentiated tumors are solid, usually bilateral masses with varying degrees of necrosis. They are generally associated with poor prognosis.
Approximately 20% of all epithelial neoplasms are borderline tumors, also referred to as ''tumors of low malignant potential.'' These neoplasms are associated with better prognosis. The patients (>90% of whom present with stage I disease) are 10 to 15 years younger than women with invasive epithelial carcinoma. Borderline tumors can be serous or mucinous. The risk of contralateral involvement in serous borderline tumor is 25% to 60%. Patients with serous borderline tumors, which express micropapillary features, have increased risk of relapse compared with patients without micropapillary features. The tumor can recur as a lowgrade serous carcinoma years after initial treatment. Mucinous borderline tumors often manifest as large unilateral cystic masses with thin septations. The risk of bilateral involvement is low, and peritoneal involvement and ascites are rare. A woman with a borderline mucinous neoplasm should undergo appendectomy along with thorough gastrointestinal investigation to rule out a primary gastrointestinal neoplasm. Imaging features of borderline tumors are similar to those of malignant masses, and there are no specific features that allow confident differentiation of borderline neoplasms from stage I disease [4, 5] . Borderline tumors are treated with surgical excision and staging. Patients with borderline tumors treated with conservative unilateral oophorectomy or cystectomy to preserve fertility require close monitoring and prolonged imaging follow-up because they have an increased recurrence rate compared with women treated with complete total abdominal hysterectomy and bilateral salpingo-oophorectomy.
Nonepithelial ovarian neoplasms include malignant germ cell tumors and malignant sex cord tumors. Malignant germ cell and sex cord tumors account for approximately 10% of primary ovarian cancers.
Malignant germ cell tumors are more frequent in young patients. The most common subtypes are dysgerminoma, immature teratoma, and endodermal sinus tumor. Dysgerminoma is an equivalent of seminoma in male patients. Patients present with a unilateral, predominantly solid mass with varying degrees of necrosis and hemorrhage. Nodal metastases are more frequent than peritoneal disease. The patients are treated with unilateral salpingo-oophorectomy and chemotherapy. Immature ovarian teratoma is usually a unilateral solid mass with coarse calcifications and occasionally a small amount of fat within the mass. Mature elements may coexist within the same ovary and within the contralateral ovary in 10% of cases. Immature teratoma metastasizes via peritoneal surfaces.
Sex cord tumors derive from ovarian stroma and account for only 1% to 2% of all ovarian malignancies. Of the different subtypes of sex cord tumors, only granulosa cell tumors are seen with considerable frequency. These tumors are predominantly solid and are hormonally active, contributing to early detection. Granulosa cell tumors are divided into juvenile and adult types. Adult granulosa cell tumors present in perimenopausal women with uterine bleeding secondary to estrogen-induced endometrial hyperplasia. Untreated endometrial hyperplasia can progress to endometrial carcinoma in 5% to 25% of patients. Granulosa cell tumors can be androgenic and present with virilization. The typical imaging findings are solid, usually unilateral masses. They can have a typical spongelike appearance on MR imaging owing to multiple cystic components. Granulosa cell tumors have a predisposition to hemorrhage; 15% patients can present with hemoperitoneum resulting from occasional tumor rupture. These tumors are treated with surgical resection and generally have a good prognosis. They can recur as peritoneal implants many years after surgery, however, and prolonged follow-up is required. Care should be exercised in evaluation of patients treated for granulosa cell cancer. Recurrent peritoneal implants may appear as wellcircumscribed, round and oval homogeneous intraperitoneal masses, which are difficult to differentiate from unopacified bowel loops on CT [6, 7] .
Secondary neoplasms of the ovary (metastases) are relatively rare, accounting for only 5% of cases. The most frequent offenders are gastric carcinoma (particularly adenocarcinoma with signet features, so-called Krukenberg's tumors), colon cancer, pancreatic cancer, breast cancer, and melanoma. Metastases are frequently bilateral and at imaging range from solid enhancing lesions with different degrees of necrosis to complex cystic masses of various sizes. Although multilocularity at ultrasound or MR imaging favors the diagnosis of primary rather than secondary neoplasm, accurate distinction between primary and secondary ovarian tumor is difficult [8] .
Lymphoma of the ovaries is extremely rare and usually is a manifestation of non-Hodgkin disease. Lymphoma should be suspected in the presence of bilateral solid homogeneous ovarian masses with little contrast enhancement [9] .
Primary peritoneal carcinoma may arise years after oophorectomy and may resemble the pattern of spread of ovarian carcinoma with ascites and peritoneal tumor implants. Relevant clinical and surgical history is essential for differential diagnosis.
Ovarian cancer screening
The goal of ovarian cancer screening is to reduce mortality by detection of potentially curable stage I invasive epithelial ovarian cancers. Serum CA-125 measurements and ultrasound are used either singly or in combination [10] [11] [12] [13] [14] [15] [16] [17] [18] . Criteria for an abnormal ultrasound screening are ovary enlarged for age, persistent ovarian mass, or cyst with nodularity and septations. Because physiologic changes such as hemorrhagic cysts may give false-positive results, it is important that only persistent abnormalities be considered abnormal. The glycoprotein serum CA-125 marker is elevated in 80% of ovarian cancers, most of which are advanced at presentation, but CA-125 is elevated in only 50% of stage I ovarian tumors. CA-125 also is insensitive for mucinous and germ cell tumors, but these tumors with good prognosis are less significant for screening.
Radiologists should be aware of the current literature regarding ovarian cancer screening to respond appropriately to patients' concerns about disease prevention and screening strategies. Results of large screening trials vary according to the screening methods and study design [10] [11] [12] [13] [14] [15] [16] [17] [18] . Studies that use CA-125 alone report a higher percentage of advanced tumors with fewer stage I tumors; however, more recent studies that use serial CA-125 measurements have shown improved results [19] . When ultrasound is used primarily, more stage I tumors are detected, but because ultrasound lacks specificity, many women with abnormal screening results may undergo unnecessary surgery for benign disease.
Another issue is that screening, particularly the initial prevalent screen, may identify borderline, germ cell tumors or granulosa cell tumors that are biologically less aggressive. Alternatively, highgrade serous tumors may develop and reach an advanced stage in the interval between screens (Fig. 2 ) [20] , and primary peritoneal cancers may develop without any evident ovarian mass.
Results for any screening test are improved if the prevalence of disease is high in the screened population. Lifetime risk of ovarian cancer is only 1.3% in the general population, but it is increased to 12% in women with genetic predisposition. Women with Lynch II hereditary nonpolyposis colon cancer syndrome have an approximately 10% lifetime risk of developing ovarian cancer [21, 22] . Lifetime risk of invasive epithelial cancer is even higher (15-65%) for women with BRCA mutations. BRCA mutations often are associated with high-grade serous Ultrasound revealed bilateral simple follicles, normal-sized ovaries with volume of 6 mL bilaterally; CA-125 was normal at 16 U/mL. (C-G) Ultrasound 6 months later; right ovarian volume increased to 19 mL, and left ovarian volume was 16 mL. The ovaries contained solid hypervascular masses and had lobulated contours. CA-125 was elevated to 67 U/mL. (H and I) CT scan revealed bilateral ovarian enlargement (black arrow) and leiomyomatous uterus. Left para-aortic adenopathy (white arrows) and small pelvic ascites also were present.
ovarian cancers or peritoneal cancers that are less frequently detected at an early stage by screening [20, [23] [24] [25] [26] . A report of 1100 women at moderate or high risk found 13 ovarian cancers; 10 were found at screening, but only 2 of these were stage I tumors [16] . Three ovarian tumors, all of an advanced stage, were undetected by screening. In addition, 29 women with benign disease underwent diagnostic surgery [16] . These results illustrate the difficulties of ovarian cancer screening even in women at high risk.
To date, there is no evidence that screening reduces mortality from ovarian cancer. Current guidelines state that screening is not recommended in premenopausal or postmenopausal women with or without a family history of ovarian cancer [16] . For women at high risk because of BRCA mutations or other hereditary factors suggesting genetic predisposition, screening may be performed until prophylactic oophorectomy after childbearing years [20, 27, 28] .
Lesion characterization
In patients with a known or suspected adnexal mass, ultrasound is highly accurate in the assessment of tumor location (eg, differentiation of uterine from adnexal masses) and in distinguishing between a benign and malignant adnexal lesion. The optimal use of ultrasound requires the analysis of morphologic features and Doppler findings [29] [30] [31] [32] .
Ovarian masses with septations greater than 3 mm, mural nodularity, and papillary projections suggest the diagnosis of malignant ovarian neoplasm [33] [34] [35] . The most significant feature is the presence of solid components within an ovarian mass [36] . Some benign lesions, most commonly endometriomas and hemorrhagic cysts, may have similar appearance to malignant ovarian tumors. For premenopausal women, it is important that ovarian lesions have follow-up to exclude transient physiologic changes that may mimic ovarian carcinoma. Morphologic scoring systems are used to standardize diagnosis of ovarian cancer by assigning numerical scores for various ultrasound features, such as size, wall thickness, solid components, and number and thickness of septations [37] [38] [39] [40] , but similar excellent interobserver variability is reported when subjective criteria are used [41] .
Color and pulsed Doppler techniques may aid diagnosis of ovarian cancer. Central color Doppler flow within solid components of an ovarian mass has been shown to be an accurate predictor of malignancy [36, 42, 43] . Brown and colleagues [36] studied 211 adnexal masses including 28 malignancies to determine the best discrimination between benignity and malignancy by gray-scale and Doppler. A nonhyperechoic solid component within a mass, central blood flow on color Doppler imaging, free intraperitoneal fluid, and septations within a mass had 93% sensitivity and 93% specificity for diagnosis of malignancy.
On spectral Doppler, ovarian cancers generally have low-resistance waveforms because tumor neovasculature lacks smooth muscle, and arteriovenous shunting may occur [35] . Although initial reports suggested high sensitivity and specificity for resistance index cutoff value of 0.4 and pulsatility index of 1, subsequent studies found specific values less reliable because many benign lesions, including corpora lutea, may have similar waveforms [35, 40, [44] [45] [46] [47] [48] . These benign lesions are more common in premenopausal women; when low-resistance ovarian flow is seen in a postmenopausal woman, the finding should be considered highly suspicious for malignant ovarian neoplasm.
Current evidence is that the combination of ovarian morphology and Doppler perform best for characterization of adnexal masses. Buy and coworkers [49] used gray-scale ultrasound and duplex and color Doppler to evaluate 132 adnexal masses, including 98 benign, 3 borderline, and 31 malignant masses. Adding color Doppler to gray-scale morphologic information increased specificity from 82% to 97% and increased positive predictive value from 63% to 97%, but there was no added information from duplex Doppler indices. A large meta-analysis comparing morphologic assessment, Doppler ultrasound, color Doppler flow imaging, and combined techniques for characterization of adnexal masses using summary receiver operator curves found the best diagnostic performance for combined techniques (0.92), followed in decreasing order by morphologic assessment alone (0.85), Doppler indices (0.82), and color Doppler flow (0.73) [30] .
It is impossible to differentiate histologic subtypes of primary ovarian tumors by ultrasound appearance, but there are some features that should be considered. Epithelial ovarian tumors are typically cystic, but endometrioid tumors may be solid. Mucinous cystadenocarcinomas are more septated than serous cystadenocarcinomas and may have fluid with low-level echoes. Malignant germ cell tumors are predominately solid, as are stromal tumors. Primary ovarian carcinomas are frequently bilateral, varying with subtype; approximately 50% of serous cystadenocarcinomas and 30% of endometrioid cancers are bilateral, whereas clear cell and mucinous tumors are bilateral in 20% of cases [8, 35, 50] .
Despite advances in ultrasound technology, many adnexal lesions are still classified as indeterminate, particularly in cases of endometriomas and cystic teratomas. In a setting of sonographically indeterminate adnexal masses, MR imaging is used as a problem-solving tool. The main advantage of MR imaging is that it can provide tissue characterization based on signal properties [51] .
For adequate evaluation of adnexal masses on MR imaging, T1-weighted and T2-weighted images are fundamental in the delineation of pelvic anatomy and tumor. Fat-saturated T1-weighted images help distinguish between fat and hemorrhage. Gadolinium-enhanced T1-weighted images help characterize the internal architecture of cystic lesions and improve detection of solid components [52, 53] .
Although signal intensity characteristics can be used to narrow the differential diagnosis of an adnexal mass, no MR signal characteristics specific for ovarian cancer are recognized. Distinction of malignant from benign lesions is based mainly on morphologic criteria. The presence of papillary projections in a cystic mass is highly suggestive of ovarian cancer. Sonographically, fibrinous debris and occasionally a clot adherent to the cyst wall may mimic the papillary projections. The neoplastic papillary projections enhance with gadolinium administration, however, and clot and debris do not. Other features suggesting malignant etiology include vascular septations thicker than 3 mm, septal nodularity, and single or multiple enhancing solid components within a cystic mass [33, 54, 55] . Necrosis within a solid lesion is also a strong indicator of malignancy.
A study showed that the presence of enhancing solid tissue was 91% sensitive and 88% specific for malignancy (Fig. 3) [53] . Another study showed that necrosis within a solid lesion and vegetations within a cystic lesion were the features most predictive for malignancy, with an accuracy of 93% on gadolinium-enhanced MR imaging [56] . In patients with clinically or sonographically detected complex adnexal masses, MR imaging was shown to have 91% accuracy for the diagnosis of malignancy. In this study, the imaging features associated with malignancy were solid-cystic complex mass, wall irregularity, vegetations on the wall and septations in a cystic lesion, large size of the lesion, and early enhancement on dynamic contrast-enhanced MR images. On multiple logistic regression analysis, ancillary findings, such as ascites, peritoneal disease, or adenopathy, were the factors most significantly indicative of malignancy [57] . MR imaging has been shown to be superior to Doppler ultrasound and conventional CT in diagnosis of malignant ovarian masses (the estimated area under receiver operating characteristic curve [AUC] was 0.78 for ultrasound, 0.87 for CT, and 0.91 for MR imaging) [58] .
A study using meta-analysis and bayesian analysis showed that in women with an indeterminate ovarian mass detected by gray-scale ultrasound, MR imaging contributed to change in probability of ovarian cancer in premenopausal and postmenopausal women more than did CT or combined gray-scale and Doppler ultrasound [59] . In the characterization of an ovarian lesion, the cost-benefit study and the net cost analysis have shown that the use of MR imaging in the evaluation of sonographically indeterminate adnexal lesions resulted in fewer surgical procedures, better patient triage, and net cost savings [60] .
Although CT has not traditionally been used in the characterization of an adnexal mass, studies have shown that the utility of thin-section multislice CT is equivalent to that of ultrasound. CT characterization of an adnexal mass relies on the depiction of morphologic features of enhancing mural nodularity or heterogeneity and necrosis within a solid lesion (Fig. 4) . Ancillary findings, such as ascites and peritoneal carcinomatosis, on ultrasound, CT, or MR imaging are strong indicators of a malignant etiology for an adnexal mass.
The use of positron emission tomography (PET) has been investigated for the detection and characterization of primary ovarian masses. PET scanning with fluorodeoxyglucose (FDG) is based on uptake in functionally active tissue that uses glucose. Physiologic uptake of FDG in ovaries during different phases of the menstrual cycle [61] may prove to be a limitation for detection of primary ovarian cancer. In addition, a variety of benign lesions, such as serous and mucinous cystadenomas, corpus luteum cysts, and dermoid cysts, are known to accumulate FDG and may contribute to false-positive results [62, 63] . Differentiation of benign from malignant lesions using PET scans alone is impossible. The distinction generally requires correlation with a detailed clinical history and morphologic imaging such as ultrasound, CT, or MR imaging. PET imaging with current FDG radiotracers can be applied to the characterization of adnexal masses, but its efficacy is not contributory after ultrasound and MR imaging findings are evaluated [62] . Comprehensive staging laparotomy includes total abdominal hysterectomy, bilateral salpingo-oophorectomy, omentectomy, peritoneal washings, random sampling of multiple peritoneal sites (including pelvic sidewall, paracolic gutters, culde-sac, surface of bladder, rectum, and diaphragm), and pelvic and retroperitoneal lymphadenectomy.
Staging
Understanding of the typical pattern of ovarian cancer spread assists in tumor detection and localization, making preoperative cross-sectional imaging a road map for a surgeon. Ovarian cancer primarily spreads locally in the pelvis to the opposite ovary (6-13%) and to the uterus (5-25%). Intraperitoneal dissemination is the most common route of ovarian cancer spread, which can be T1a  N0  M0  IB  T1b  N0  M0  IC  T1c  N0  M0  II  T2  N0  M0  IIA  T2a  N0  M0  IIB  T2b  N0  M0  IIC  T2c  N0  M0  III  T3  N0  M0  IIIA  T3a  N0  M0  IIIB  T3b  N0  M0  IIIC  T3c  N0  M0  Any T  N1 explained by ovarian anatomy. The ovary is covered by a single layer of surface epithelium. The tumor cells exfoliate from the affected epithelium, which frequently has macroscopic and microscopic polypoid excrescences and spread with peritoneal fluid. Peritoneal metastases follow the direction of clockwise flow of peritoneal fluid throughout the peritoneal cavity, facilitated by the normal bowel peristasis. The normal peritoneal fluid circulates preferentially upward from the right paracolic gutter to the right subdiaphragmatic space and crosses the midline and circulates downward to the left paracolic gutter and pelvis. Peritoneal metastases appear as nodular or plaquelike enhancing soft tissue masses of varying sizes. The most common locations are the peritoneal reflections, where the peritoneal fluid tends to stay longer. Peritoneal nodules are frequently present in the cul-de-sac, paracolic gutters, subdiaphragmatic space, splenic hilum, porta hepatis, and along the falciform ligament. Other common locations are the ileocecal valve and rectosigmoid junction, where the sigmoid colon makes a turn (Fig. 5) . Diffuse infiltration of the omentum by the tumor is called omental caking.
The presence of lymph node metastases in ovarian cancer is an important prognostic feature. Knowledge of the anatomy of the ovarian lymphatic drainage is crucial in understanding the pathways of ovarian cancer nodal dissemination. Most commonly, nodal metastasis ascends along the gonadal vessels to the retroperitoneum. Dissemination along the broad ligament can result in internal iliac, obturator, and external iliac adenopathy. Lymphadenopathy can reach the superficial and deep inguinal nodes via the round ligaments. This mechanism explains the occasional presence of ovarian cancer nodal metastases in the groin (Fig. 6) . The frequency of nodal metastases in a patient with T1 or T2 disease is close to 15% and increases to 65% in M1 disease. In ovarian cancer patients, a threshold of short-axis measurements of 1 cm or larger is used to define malignant adenopathy; however, it showed a disappointing low sensitivity of only 50%. The specificity with that threshold was 95%. Superior diaphragmatic adenopathy is detected in approximately 15% of patients with advanced ovarian cancer and is usually associated with grave prognosis (Fig. 7) [65] .
Although distant metastasis is rare at the time of diagnosis, the common sites of distant spread at autopsy include the liver (45-48%), lung (34-39%), pleura (25%), adrenal gland (21%), and spleen (20%); bone and brain metastases are seen in less than 10% (Fig. 8) . Knowledge of the frequency of distant metastasis in ovarian cancer guides the imaging algorithm for patient surveillance.
Optimal debulking refers to the reduction of all tumor deposits to a maximal diameter of less than 1 cm. Patients who are optimally debulked show better response to chemotherapy and subsequently have a better prognosis. Staging of ovarian cancer can be effectively accomplished with preoperative CT scanning. Multidetector CT is highly accurate in the depiction of tumor implants larger than 1 cm throughout the abdomen and pelvis. Implants measuring 1 cm or less are difficult to detect, however, and CT sensitivity decreases to 25% to 50% for such small-volume disease [66] . The efficacy of nonhelical CT in the diagnosis of peritoneal metastases in ovarian cancer has a sensitivity of 63% to 79% and a specificity of 100% [66] . Helical CT improves performance, showing sensitivity of 85% to 93% and specificity of 91% to 96%. This improved accuracy likely reflects the increasing use of thinner sections and multiplanar review of the data, which aid in the detection of small implants and help in the distinction of peritoneal tumor deposits from unopacified bowel loops [67] .
Although CT is the primary imaging modality for staging ovarian cancer, a Radiologic Diagnostic Oncology Group (RDOG) study showed that MR imaging may be equal to CT [68] . One advantage of MR imaging is that it provides better soft tissue contrast than does CT. In patients with advanced disease, MR imaging and CT perform similarly in determination of the location, distribution, and size of peritoneal implants. A study comparing ultrasound, MR imaging, and CT for diagnosing and staging advanced ovarian cancer showed that for the detection of peritoneal metastases, MR imaging and CT (AUC 5 0.96 for both) were more accurate than ultrasound (AUC 5 0.86), especially in the subdiaphragmatic spaces and hepatic surfaces [68, 69] . The use of MR imaging is currently limited, however, by expense, lack of availability, prolonged scanning time, and a relative shortage of radiologists with adequate reading experience.
In the evaluation of nodal disease, using a size threshold of equal or greater than 1 cm in short axis to define adenopathy, MR imaging was slightly more accurate than CT in the evaluation of nodal metastasis (sensitivity and specificity were 43% and 89% for CT and 38% and 84% for MR imaging) [68] . Although enlarged nodes are likely to be metastatic, CT and MR imaging are unable to exclude disease in nonenlarged nodes.
Differentiation between stage III and stage IV disease has a direct impact on patient management. The management of FIGO stage III disease is primary surgical debulking, whereas patients with stage IV disease are treated with chemotherapy and cytoreduction. There are two potential pitfalls in assigning FIGO stage IV disease:
1. Pleural effusion in a patient with ovarian cancer can be benign or malignant. Pleural thickening or nodularity in addition to pleural effusion indicates the malignant nature of effusion. In the absence of those imaging findings, thoracentesis is indicated. 2. When only axial sections of either CT or MR imaging are evaluated, there is a potential pitfall in differentiating between liver surface implants (stage III with peritoneal spread) and true intraparenchymal metastases (as a result of hematogenous spread and so stage IV disease). Sagittal or coronal reformatted images may assist in differentiating the two types. Multislice CT allows reformatting the images and can be as accurate as MR imaging.
In the evaluation of liver parenchymal metastases CT and MR imaging perform similarly, although in the diagnosis of liver lesions in the setting of preexisting liver disease MR imaging may be superior [68] .
The role of FDG PET has been explored for ovarian cancer staging. Numerous studies have been performed, although most of them have been limited by small numbers of patients and use of a PET scanner alone. More recent studies have been performed with PET/CT hybrid cameras that allow more accurate detection and localization of the lesions. In the primary staging of ovarian cancer, FDG PET may be helpful (especially when used in addition to CT [70] to evaluate equivocal or indeterminate lesions further and to establish distant metastatic sites. Prior studies using FDG PET have reported a positive predictive value of 86% and accuracy of 90% with sensitivity of 96% and negative predictive value of 75% [71, 72] .
Disseminated peritoneal tumor deposits may be microscopic or very small in size. FDG PET is limited in resolution and is not optimal for detecting lesions less than 0.5 cm in size. Detection of microscopic disease is difficult on most other imaging modalities as well. Rose and colleagues [73] studied 17 patients before second-look surgery and reported very low sensitivity (10%) and specificity (42%). The study was conducted in patients with optimal primary cytoreduction who had complete clinical response to prior treatment; however, it used a PET scanner only. All missed lesions were small (<6 mm). Later studies have reported better results, with sensitivity and specificity of 66% and 94%, after primary debulking [74] . Positive predictive value was 93% for peritoneal disease measuring 5 mm for various cancers [75] .
The imaging observations that are crucial to management may be divided into observation related to characterization of the primary tumor, identification of metastatic disease to prevent understaging, and identification of patients who would benefit from neoadjuvant chemotherapy before the primary debulking procedure. Preoperative CT and MR imaging were found to be highly accurate in the detection of inoperable tumor and the prediction of suboptimal debulking (sensitivity, specificity, positive predictive value, and negative predictive value were 76%, 92%, 94% and 96%). The two modalities were equally effective (P51.0) in the detection of inoperable tumor. This study suggests that imaging may help triage inoperable patients to more appropriate neoadjuvant chemotherapy group [76] [77] [78] .
Posttreatment follow-up
Patients treated for ovarian cancer are followed up with serial measurements of CA-125 and either CT scan or MR imaging of the abdomen and pelvis. CT of the chest should not be performed routinely, unless no sites of recurrence are detected on CT of the abdomen and pelvis, and tumor markers are elevated [79, 80] .
Serum CA-125 is a strong indicator of epithelial tumor activity [81, 82] . It has been shown that in patients with complete response to therapy, three consecutive elevations in CA-125 values even within the normal range of 0 to 35 U/mL at 1-to 3-month intervals are associated with a significant risk of recurrence and may occur before the imaging findings become positive. In one study, the mean time from the third early increase in serum CA-125 to clinical or radiologic confirmation of recurrence was 189 days [83] . The role of imaging is crucial, however, for localizing the anatomic sites of suspected recurrent tumor. Familiarity with the spectrum of imaging findings of recurrent ovarian cancer facilitates accurate diagnosis and ensures prompt treatment. Recurrent ovarian malignancies manifest as pelvic masses, peritoneal tumor implants (commonly in paracolic gutters, cul-de-sac, root of the mesentery, serosal surface of the bowel), malignant ascites, or lymphadenopathy. Occasionally, recurrent disease may present as pleuroparenchymal lesions or liver metastasis [84] .
Knowledge of medical terminology used during different stages of ovarian cancer after the initial treatment and its relationship to patient management is essential in understanding the potential role of imaging. Specific terms are used to define the behavior patterns of ovarian cancer after initial treatment as follows:
Persistent disease is present when, after a tumor partially responds to initial therapy, there is an immediate elevation in CA-125 or clinical evidence of disease. The role of imaging in persistent disease is limited, unless the patient develops acute clinical symptoms (eg, bowel or urinary obstruction). Chemotherapy-resistant disease is defined as tumor recurrence detected less than 6 months after completion of initial treatment. CT can be used to document the extent of tumor recurrence and monitor response to treatment. Refractory, unresponsive, or progressive tumors are tumors that progress during initial therapy. Imaging is rarely used in this patient category, unless clinical symptoms develop (eg, bowel or urinary obstruction). Imaging can be used to document disease progression and assists in future development of different treatment regimens. Recurrent ovarian cancer is defined as tumor recurrence after a complete initial response to first-line therapy, a negative second-look operation (if performed), and a disease-free interval greater than 6 months.
The treatment of recurrent ovarian cancer depends on tumor bulk and location and ranges from surgical debulking to medical palliation. In this patient group, an increase in survival is seen only when the secondary cytoreduction is optimal [85] . Identification of unresectable recurrent cancer is clinically relevant, assists in patient management, and directly affects the outcome. The survival rate after secondary cytoreduction varies from 17% to 62%. An attempt should be made to predict resectability with preoperative imaging to spare the patient unnecessary surgery. Few studies describe the utility of helical CT and MR imaging in the evaluation of recurrent cancer. In a longitudinal study comparing MR imaging with CA-125 and physical examination, sensitivity, specificity, accuracy, and positive predictive value were 91%, 87%, 90%, and 72% for gadoliniumenhanced MR imaging and 53%, 94%, 63%, and 38% for CA-125. The corresponding values for physical examination were 26%, 94%, 43%, and 29% [86] .
FDG PET also has been used to evaluate the presence of disease in patients before second-look laparotomy (SLL) or laparoscopy. SLL is the most accurate way of assessing the presence of microscopic and macroscopic disease; however, it is an invasive procedure. Use of FDG PET imaging instead of SLL is reported to be feasible and cost-effective [87] . FDG PET has high predictive value (93%) and provides prognostic information. Kim and associates [88] compared the prognostic value of FDG PET with that of SLL in 55 patients with advanced ovarian cancer treated with chemotherapy and found no significant differences in disease-free intervals between patients who were evaluated with PET and patients who were evaluated with SLL.
Most studies using FDG PET in ovarian cancer have been conducted to assess the utility of PET in early detection of recurrent disease. In a direct comparison with CT or MR imaging, Delbeke and colleagues reported sensitivity and specificity of 83% to 91% and 66% to 93% for FDG PET and 45% to 91% and 46% to 84% for CT or MR imaging [89] .
More recent studies also have shown a high sensitivity of FDG PET for detection of recurrent disease [90] . The sensitivity remains low for lesions less than 5 to 10 mm. Detection may be better, however, with newer cameras and PET/CT fusion units that have better resolution and anatomic correlation allowing detection of lesions measuring 5 mm [91] . The exact magnitude of the clinical impact of detection of microscopic disease has yet to be properly studied. FDG PET helps localize the sites of disease so that surgery or biopsy can be directed better. This is useful in cases where conventional imaging fails to detect recurrent disease [92] .
FDG PET may be more useful in detecting recurrence in the setting of negative conventional imaging studies and an increasing CA-125 [93] [94] [95] . In a study by Murakami and colleagues [93] in which 90 patients were evaluated, PET alone identified recurrence in 17 (37%), including in 50% of these 17 patients, normal-sized retroperitoneal nodal metastases. In patients with an asymptomatic increase of CA-125, PET had a sensitivity of 87.5%. The combined sensitivity of PET and CA-125 was 97.8%. PET/CT is of incremental value to CT alone in detecting viable disease in equivocal cases, when interfering and unopacified bowel or postsurgical changes may mimic recurrent disease [96] . PET/CT also can help localize the sites of recurrent tumor in such patients so that surgery or biopsy can be better directed (Fig. 9) [97] .
Overall, FDG PET imaging holds promise in the evaluation of recurrent or residual disease where other radiographic findings are equivocal and uncertain. Newer tracers are being evaluated to improve detection; however, the sensitivity to microscopic disease is still limited.
Recurrent ovarian tumor resectability
In patients selected for secondary cytoreduction, the bulk of the tumor burden is usually present in the pelvis. Two types of pelvic recurrence are described: central recurrence at the vaginal cuff and pelvic sidewall recurrence. The size of a pelvic mass is not an indicator of surgical outcome; however, the extension of a mass to the pelvic sidewall is. In cases of small-volume recurrent disease in the pelvis, multiplanar MR imaging is superior to CT in the assessment of pelvic tumor resectability because MR imaging can better outline the fat plane separating the tumor from the pelvic sidewall. The presence of a fat plane at least 3 mm in thickness is considered adequate for resection. The important consideration is that tumor invasion of the bladder and rectum is not a contraindication to definitive surgery. These patients can be treated with pelvic exenteration (Fig. 10) . In the past, the presence of hydronephrosis was considered to indicate unresectable disease. With development of new surgical techniques and involvement of urologists, these patients are no longer considered inoperable. They may undergo a urinary diversion procedure as long as the pelvic sidewall is free of tumor. Preoperative PET/CT is an essential part of curative pelvic exenteration planning to document the absence of tumor elsewhere.
In patients undergoing secondary cytoreduction, pelvic sidewall invasion and large bowel obstruction are significant indicators of tumor nonresectability. Similar to primary ovarian cancer, bulky upper abdominal disease, such as tumor in the gastrohepatic ligament, gallbladder fossa, porta hepatis, and root of the mesentery, precludes optimal surgical debulking (Fig. 11) . The presence of large bowel obstruction is a strong indication of tumor nonresectability. In the presence of large bowel obstruction, secondary cytoreductive surgery is usually replaced by palliative approaches.
In patients with recurrent ovarian cancer considered for secondary cytoreductive surgery, preoperative CT identifies sites of disease and points out indicators of nonresectability; this may allow tailoring of the surgical approach and can have a direct impact on patient survival. The role of radiologist is not to point out unresectable disease, but to alert the clinician about potential complications during surgery. Depending on the institution, pattern of practice, and personal experience of a surgeon, patients with recurrent ovarian cancer ordinarily considered unresectable can be triaged to surgery, whereas other patients with unresectable disease can benefit from neoadjuvant chemotherapy or radiation. 
Summary
Transvaginal ultrasound is a primary modality for adnexal mass detection and characterization. The current combined technique, which includes assessment of morphologic features and Doppler characteristics, gives the most accurate prediction of malignancy. Gadolinium-enhanced MR imaging serves as a problem-solving modality in cases of indeterminate adnexal masses. A combination of T1-weighted images and T1-weighted images with fatsaturation helps to differentiate most common benign adnexal masses, such as endometrioma and teratoma, from malignant ones. Contrast-enhanced CT of the abdomen and pelvis is the primary modality for preoperative staging and treatment follow-up. In cases of pelvic recurrence, MR imaging is a preferred modality to assess tumor resectability. In equivocal cases when tumor recurrence is suggested by an increase in the tumor marker CA-125, but tumor implants are too small to be detected by conventional CT, combined PET/CT may be valuable for determining tumor activity. 
